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* indicates a thioate (i.e., P{0)S) linkage 

♦ indicates a MEA linkage 

20 U' indicates 5- {l-pentynyl)uracil 

TTi-nmrfirl"" 5- fi-nRntvnvi)-2' -deoxyuridine 

25 5. (l-pentynyl) -2' -deoxyuridine was synthesized 
and converted to the triphosphate as described in Otvos, 

. =1 M„r1a^r ftclds Res (1987) 1763-1777. The 
pentynyl conpound was obtained by reacting 5-iodo-2'- 
deoxyuridine with l-pentyne in the presence of palladium 
^° catalyst. 5- (l-pentynyl) -2' -deoxyuridine triphosphate 

was then used as a replacement for thymidine triphosphate 
in the standard PGR reaction. 

A pool of 96-mer single- stranded DNA was 
synthesized, each strand consisting of specific 18-mer 

35 
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or a control 7-mer with the same base composition but 
different sequence {5' GCSGGGTT 3'). Clotting times were 
measured using the timer apparatus as above. The 
thrombin clotting time in this experiment was 24 sec 
5 using thrombin alone (10 nM) , 26 sec with thrombin and 
the control sequence at 20 fM and 38 sec with thrombin 
plus the consensus sequence at 20 /iM, indicating 
specificity for thrombin inhibition at the level of the 
7-mer. 

10 The inhibitory aptamers were active at 
physiological temperature under physiologic ion 
conditions and were able to bind to thrombin in the 
presence of the fibrinogen substrate, a key requirement 
for therapeutic efficacy. 

15 


Modified forms of the single- stranded, thrombin 

consensus sequence -containing deoxynucleotide l5-mer 
20 described in Exanple 2, 5' GGTTGGTGTGGTTGG 3', and a 

closely related 17-mer, were synthesized using 

conventional techniques. These aptamers for the most 

part contain the identical nucleotide sequences, bases, 

sugars and phosphodiester linkages as conventional 
25 nucleic acids, but substitute one or more modified 

linking groups (thioate or MEA) , or modified bases 

(uracil or 5- (l-pentynyl-2 ' -deoxy)uracil) , The aptamers 

containing 5- (l-pentynyl) -2' -deoxyuridine were generated 

by replacing thymidine in the parent aptamers. Thrombin 
30 aptamers containing 5- (l-pentynyl) -2' -deoxyuridine were 

also obtained by selection as described in Examples 8 and 

S below. 

Independent verification of the Ki for the 
nonmodified 15-mer was made by determining the extent of 
35 thrombin inhibition with varying DNA concentration. The 

i 



20 Bthyl, propyl and butyl derivatives at the 
5 -position of uridine, deoxyuridine, and at the 

-position of cytidine and deoxycytidine are synthesized 
using methods described above. Bach compound is 
converted to the triphosphate form and tested in the PCR 
25 assay described in Bxan^le 1 using an appropriate mixture 
of three normal deoxytriphosphates or ribotriphosphates 
along vith a s.ngle modified base analog. 

This procedure may also be performed with 
-position alkylated analogs of adenine and 
30 deoxyadenine, and the 7 -position alkylated analogs of 
deazaguanine, deazadeoxyguanine , deazaadenine and 
deazadeoxyadenine , synthesized using methods described in 
the specification. 

35 
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PCR primer sequences at both the 5' and 3' ends and a 
random 60-mer sequence in the center of the oligomer. 
Details of synthesis of the pool of single -stranded DNA 
is disclosed in Example l above. PGR conditions were the 
5 same as those described above, with the following 
changes. dATP, dGTP and dCTP were all used at a 
concentration of 200 /iM. The optimal concentration for 
synthesis of full-length 96-mer DNA via PCR using 5-(l- 
pentynyl) -2' -deoxyuridine was 800 ftH, Generation of PCR- 

10 amplified fragments demonstrated that the Taq polymerase 
both read and incorporated the base as a thymidine 
analog. Thus, the analog acted as both substrate and 
tenplate for the polymerase. Amplification was detected 
by the presence of a 96-mer band on an BtBr-stained 

15 polyacrylamide gel. 


20 GGT TC3GTGTG0TTGG 105 51 

GGTTGGTGTGGT TGG 117 48 

GGTTGGTGTGGTTGG 84 60 

GGTTGGTGTQGrrGG 125 49 

NO DNA CONTROL " 25 

25 . 

indicates a formacetal linkage 

Modified forms of the l5-mer thrombin aptamer, 
5' GGTTGGTGTGGTTGG 3' containing one abasic residue at 
each position in the aptamer were synthesized and assayed 
for thrombin inhibition as described above. The abasic 
35 residue, i,4-anhydro-2-deoxy-D-ribitol was prepared as 


-48- 
gy^T^ple 5 

Modified forms of the 15-mer thrombin aptamer, 
5 5' GGTTGGTGTGCTTGG 3' containing one or two formacetal 
intemucleotide linkages (O-CHj-O) in place of the 
phosphodiester linkage (0-P0(0")-0) were synthesized and 
assayed for thrombin inhibition as described above. The 
H-phosphonate dimer synthon was synthesized as described 
10 inMatteucci, M.D., let. Lett., (1990) il:2385-2387. The 
formacetal dimer, 5' T-O-CHj-O-T 3', was then used in 
fioUri phase synthesis of aptamer PNA. Control unmodified 
aptamer DHA was used as a positive control. 
The results that were obtained are shown in Table 4. 

IS 

Cortpound clot time (sec) 

100 nM 20 nM 0 nM 
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A 15-mer single- stranded deoxynucleotide, 
5' GGTTGGTGTGGTTGG 2*, identified as a consensus sequence 

20 from 30 thrombin aptamer clones as described in Exan^le l 
above, was used. Young adult rats of mixed gender and 
strain were used. The animals were anaesthetized and a 
diester of the 15-mer was injected through a catheter in 
200 (il volumes {in 20 m phosphate buffer, pH 7.4, 0.15 M 

25 NaCl) at two concentrations, so that the final 

concentration of IS-mer in the blood was about 0.5 and 
5.0 (M respectively, although the exact concentration 
depends on the volume of distribution (which is unknown 
for this oligonucleotide) . These values are 10 to 100 

30 times greater than the human in vitro Kd valup. Nn 
heparin was used for catheterization. 

At 0, 5, 20 and 60 minutes, blood was withdrawn 
from the animals (approx. 500 nl aliquots) , transferred 
into tubes containing 0.1 volume citrate buffer, and 

35 centrifuged. Rat plasma was removed and tested in a 
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The thrombin 21-mer ancrod assay was conducted 
as follows. Ancrod was suspended in sterile water at a 
concentration of 44 U/mL. 10 /iL ancrod solution was 
added to 95 fiL of selection buffer prewarmed to 37 "C. 
5 100 ML Of this mixture was transferred to the coagulation 
cup of the fibrometer described above, followed by 
addition of 200 fiL of fibrinogen and 20 fiL of 21-mer DKA 
(both prewarmed to 27^C) . TE buffer pH 7.0 was used as a 
control lacking DNA. The control clot time was 25 
10 seconds while the clot time in the presence of 500 nn 21- 
mer was 24 seconds and was 26 seconds in the presence of 
33 iM 21-mer. This result demonfltrated the specificity 
on inhibition of fibrinogen cleavage was limited to 
thrombin; ancrod was not affected. 

15 

Thrombin ADtamer Pharmacokinetic Studlaa 


Two thrombin aptamers were administered to 
adult male cynomologous monkeys. Ohsubstituted 15-mer 
20 DNA with the sequence 5' GCOTXMTGTSGTTGG 3' and an 

intemudeotide linkages at the indicated positions (*), 
were used. i^tamsr was delivered as an intravenous 
bolus or infusion and then blood samples were withdrawn 

25 at various times after delivery of the bolus or during 
and after infusion. The catheter was heparinized after 
the 10 minute timepoint. The animals were not 
systematically heparinized. 

Thrombin inhibition was measured by a 

30 prothrombin time test (PT) using a commercially available 
kit, reagents and protocol (Sigma Diagnostics, St. Louis, 
catalog Nos. T 0263 and 870-3). Inhibition of thrombin 
was indicated by an increased clot time compared to the 
control in the PT test. Clot times were obtained by 

35 withdrawing a san5)le of blood, spinning out red cells and 


-60- 

thrombin clotting -time assay. Six animals were xised at 
each concentration, and three animals were injected with 
the control carrier solution containing no 15-mer. 

A prolonged clotting time was observed at the 5 
5 minute time point at both concentrations, with the most 
significant prolongation occurring at the higher dose 
concentration. Little or no activity was observed at 20 
minutes, thus, the 15-mer in blood withdrawn from rats 5 
minutes post- Injection was able to inhibit exogenously 
10 added human thrombin. A separate AFTT test at the .5 

minute time point showed that the 15-mer also inhibited 
rat blood coagulation, presumably by inhibiting rat 
thrombin to a significant degree. The half -life of the 
15-mer in rats appears to be about 2 minutes or less. 

15 
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